Calcium antagonists modulate oxidative stress and acrosomal reaction in rat spermatozoa by Morakinyo, Ayodele et al.
Calcium antagonists modulate oxidative stress
and acrosomal reaction in rat spermatozoa
Ayodele Morakinyo, Bolanle Iranloye, Olufeyisipe Adegoke
Abstract
I In nt tr ro od du uc ct ti io on n: :   Calcium ions are vital in many biological processes and qualify as
an almost ubiquitous intracellular second messenger. This indicates the
multiplicity of the effects associated with drug actions aimed at interfering with
calcium ions. To examine the cellular process involved in the induction of
infertility in males by calcium antagonist (CA) even in the presence of normal
semen parameters, we studied the effects of different CA namely; nifedipine,
verapamil and diltiazem on oxidative balance and acrosome reaction in the
sperm.
M Ma at te er ri ia al l   a an nd d   m me et th ho od ds s: :   For this purpose, lipid peroxidation, antioxidants such
as superoxide dismutase, catalase and reduced glutathione, and acrosomal
reaction were determined in sperm samples of rats.
R Re es su ul lt ts s: :   Calcium antagonist causes significant oxidative stress in the epididymal
sperm with increased malondialdehyde level and a concomitant decrease in
antioxidant activities of catalase and superoxide dismutase. The percentage
value of acrosomal-reacted sperm in the nifedipine, verapamil and diltiazem-
treated rats were 41 ±2.45, 39 ±2.92 and 42 ±1.22 respectively, compared with
the control group value of 86 ±2.92.
C Co on nc cl lu us si io on ns s: :   It appears CA oxidatively modify the sperm resulting in functional
inhibition of acrosomal reaction. Suppression of the sperm acrosomal reaction
is known to have serious adverse implications for fertilization.
K Ke ey y   w wo or rd ds s: : calcium antagonist, acrosomal reaction, lipid peroxidation, reactive
oxygen species, sperm.
Introduction
One  of  the  most  enduring  needs  of  reproductive  biology  is  to
understand the fundamental cellular mechanisms that control the
fertilizing potential of human spermatozoa [1]. It is known that defective
sperm function remains the single largest defined cause of male infertility
[2]; moreover, it is also clear that male infertility has a multi-factorial origin
including genetics, environment, diseases and iatrogenic [3, 4]. Clinical
reports have suggested the induction of infertility in men taking calcium
antagonists (CA) for the control of hypertension and migraine, even with
normozoospermic semen parameters [5, 6].
Given this, an experiment involving calcium antagonist treatment was
developed to characterize the possible mechanism and factors involved in
CA-induced male infertility. Specifically, antioxidants play a crucial role in
maintaining cell homeostasis, and when these defences are impaired or
overwhelmed, oxidative stress products, namely reactive oxygen species
C Co or rr re es sp po on nd di in ng g   a au ut th ho or r: :
Ayodele Morakinyo PhD
Department of Physiology
College of Medicine
of the University of Lagos
PMB 12003, Surulere
Lagos, Nigeria
Phone: +2348055947623
E-mail:
aomorakinyo@cmul.edu.ng,
morakinyofemi@yahoo.com
Basic research
Department of Physiology, College of Medicine of the University of Lagos, Nigeria
S Su ub bm mi it tt te ed d: : 14 December 2010
A Ac cc ce ep pt te ed d: :   6 May 2011
Arch Med Sci 2011; 7, 4: 613-618
DOI: 10.5114/aoms.2011.24130
Copyright © 2011 Termedia & Banach614 Arch Med Sci 4, August / 2011
Ayodele Morakinyo, Bolanle Iranloye, Olufeyisipe Adegoke
(ROS), may induce enzymatic inactivation and
peroxidation of cell constituents. Moreover, the role
of ROS in mammalian sperm capacitation and the
acrosomal reaction is well documented [7-9]. The
acrosomal reaction is a compulsory prerequisite for
fertilization as it confers on the mammalian sperm
the capacity to bind and fuse with the oocyte [10].
Acrosome-reacted sperm must however be primed
through the capacitation process [11]. 
Unexpectedly,  sperm  cells  are  intrinsically
vulnerable to oxidative stress despite the critical
role of redox-regulated processes in the control of
mammalian  sperm  function  [12].  The  sperm
membrane is known to be very rich in polyunsa  -
turated  fatty  acids  (PUFA),  which  renders  it
vulnerable to oxidative damage by chain reactions
[13]. The high content of PUFA provides the sperm
cells with the structural fluidity required to engage
in  the  membrane  fusion  event  (capacitation)
associated with fertilization [1]. Although sperm
cells possess cytoplasmic antioxidant enzymes such
as glutathione and superoxide dismutase, the
amount is relatively small, thereby limiting the
degree of protection conferred on the spermatozoa
[14]. The present study was therefore undertaken
to  evaluate  sperm  oxidative  balance  and  the
acrosomal reaction process in both in vivo and in
vitro experimental models. The rationale of this
study is based on the vulnerability of mammalian
sperm to oxidative stress which finds expression in
many cases of male infertility [15, 16] and the
reported infertility caused by the therapeutic use
of CA [5, 6, 17]. We have previously demonstrated
that  CA  decreases  sperm  count,  motility  and
epididymal weight, which appears not to occur
through inhibition of the pituitary-gonadal axis [17].
Material and methods
A An ni im ma al ls s
Thirty-two male albino rats of the Sprague-
Dawley strain weighing approximately 180-220 g,
obtained from the Central Animal House of the
College of Medicine of the University of Lagos, were
used in the study. These animals were housed in
clear polypropylene cages lined with wood chip
beddings in a well-ventilated and photoperiod-
controlled (12 h light : 12 h dark) animal house for
at least 2 weeks prior to use in experimental
protocols. Rats were fed on a commercial standard
pellet diet (Livestock Feeds, Lagos, Nigeria) and
water  ad  libitum.  Generally,  the  research  was
conducted in accordance with the internationally
accepted (Helsinki) guidelines for laboratory animal
use and care.
D Dr ru ug gs s, ,   d do os se es s   a an nd d   d de es si ig gn n
Nifedipine,  verapamil  and  diltiazem  (Sigma
Chemical Company) were used in this study. Dosing
formulations for nifedipine, verapamil and diltiazem
were prepared as earlier reported by our group [17].
Twenty-four male rats were divided into four equal
groups and treated as follows: group 1 (control group)
received distilled water which was the vehicle of the
drug; group 2 (nifedipine group) rats were given
nifedipine (0.571 mg/kg bw) orally; group 3 (verapamil
group) rats were given verapamil (3.40 mg/kg bw);
group 4 (diltiazem group) rats were given diltiazem
(2.57  mg/kg  bw).  Treatment  was  done  intra-
gastrically via oral cannula for 30 days. The remaining
animals were used in the in vitro study. 
S Sp pe er rm m   s su us sp pe en ns si io on n   a an nd d   m me ed di ia a
Sperm specimens were collected by (teasing)
perfusion of the caudal epididymis of treated rats
through the distal end of the vas deferens into the
pre-warmed sperm capacitation medium (SCM)
containing 110 mM NaCl, 2.7 mM KCl, 2.4 mM CaCl2,
0.49 mM  MgCl2,  0.32 mM  NaH2PO4,  24.9 mM
NaHCO3, 5 mM glucose, 6.26 mM lactate, 0.125 mM
pyruvate, 12 mg/ml BSA. The cells were incubated
in this medium for 4 h at 37°C with 5% CO2. These
conditions are known to induce capacitation and
the acrosomal reaction [18-21].
In-vitro sperm exposure to CA was done by
releasing the epididymal caudal contents from 
2 mature male rats into 2 ml of the medium of
normal saline. In the control group, the suspension
specimen was incubated in 200 ml of SCM, while
the sperm suspension in the experimental groups
according to prior studies [18, 19] was incubated in
200 ml droplets containing nifedipine, verapamil
and diltiazem at 25, 50, 100, 200 nmol/l.
A As ss se es ss sm me en nt t   o of f   a ac cr ro os so om ma al l   r re ea ac ct ti io on n
Sperm acrosomal status was assessed with
Coomassie brilliant blue staining techniques [22].
Briefly, sperm concentration was determined using
a haemocytometer. About 100 µl of sperm sample
was transferred to an Eppendorf tube containing
1 ml of medium. After 1 h of incubation at 37°C, the
highly motile and thus potentially fertile sperm that
appeared in the upper two thirds were transferred
to fresh Eppendorf tubes, and sperm numbers were
adjusted with the medium (SCM) to a concentration
of  2  × 106 sperm/ml.  Aliquots  of  sperm  were
removed from each group for assessment of sperm
acrosomal status by using Coomassie brilliant blue
staining techniques. Sperm samples were air-dried
on glass slides, fixed with 5% paraformaldehyde in
phosphate buffered saline (PBS) for 15 min and
washed once with PBS. Slides were then stained
with aqueous 0.25% Coomassie brilliant blue in 10%
glacial acetic acid and 25% methanol. After that,
they were rinsed with water and covered with
coverslips under mounting media. The acrosomeArch Med Sci 4, August / 2011 615
Oxidative stress and acrosomal reaction in calcium-antagonist exposed sperm
region is stained in the acrosome-intact sperm 
but unstained in the acrosome-reacted sperm.
A minimum  of  100  sperm  cells/sample  was
assessed for the presence or absence of acrosome
reaction per slide and the percentage of acrosome-
reacted sperm was determined. All tests were
repeated at least 3 times.
O Ox xi id da at ti iv ve e   s st tu ud di ie es s
Sperm cells from the caudal epididymis were finely
minced with scissors in normal saline in a Petri dish
to liquefy and provide migration of all spermatozoa
from the epididymal tissue to the fluid. Thereafter,
the epididymal tissue-spermatozoa mixture was
filtered via a strainer to separate the sperm cells
(supernatant) from the tissue particles. The sperm
suspension was centrifuged at 200 × g for 10 min.
The pellet was re-suspended in normal saline and
gently homogenized (10 strokes) and used for the
biochemical  assays  [23].  As  a marker  of  lipid
peroxidation, the level of malondialdehyde (MDA) in
the sperm cells was measured by the method of
Uchiyama and Mihara [24] as thiobarbituric acid
reactive substances (TBARS). The development of
a pink complex with absorption maximum at 535 nm
is taken as an index of lipid peroxidation. The activity
of the superoxide dismutase (SOD) enzyme in the
homogenate  was  determined  according  to  the
method described by Sun and Zigman [25]. The
reaction was carried out in 0.05 M sodium carbonate
buffer, pH 10.3, and was initiated by the addition of
epinephrine in 0.005 N HCl. Catalase (CAT) activity
was determined by measuring the exponential
disappearance of H2O2 at 240 nm and expressed in
units/mg of protein as described by Aebi [26]. The
reduced glutathione (GSH) content of the sperm
homogenate was determined using the method
described  by  Van  Dooran  et  al.  [27].  The  GSH
determination method is based on the reaction of
Ellman’s reagent 5,5’ dithiobis-2-nitrobenzoic acid
(DNTB) with the thiol group of GSH at pH 8.0 to
produce 5-thiol-2-nitrobenzoate, which is yellow at
412 nm. Absorbance was recorded using Agilent UV-
Visible Spectrophotometer in all measurements.
D Da at ta a   a an na al ly ys si is s
All the values are expressed as mean ± standard
error  of  mean  (SEM)  and  analysed  using  the
GraphPad Instat Version 3.05 (GraphPad Software,
San Diego California, USA) using the one-way
ANOVA followed by Student-Newman-Keuls post-
hoc test. Differences were considered significant
when p < 0.05 was accepted as significant.
Results
O Ox xi id da at ti iv ve e   a ac ct ti iv vi it ti ie es s
The MDA level, SOD, CAT and GSH activities of
all the groups are given in Table I. Lipid peroxidation
in epididymal sperm assayed by malondialdehyde
(MDA)  levels  in  the  nifedipine,  verapamil  and
diltiazem  treated  animals  were  significantly
increased (p < 0.05) compared with the control
group. However, there were significant decreases
(p  <  0.05)  in  the  activity  of  the  SOD  enzyme
following CA treatment compared with the control
rats.  Additionally,  treatment  with  nifedipine,
verapamil  and  diltiazem  produced  significant
decreases (p < 0.05) in the CAT enzyme activities
of  the  epididymal  sperm  of  drug-treated  rats
compared with controls. In contrast, the activity of
GSH  enzyme  was  not  significantly  different 
(p > 0.05) in any of the CA-treated groups compared
with the control group.
A Ac cr ro os so om ma al l   r re ea ac ct ti io on n
The  30-day  treatment  with  CA  caused
a suppressed sperm acrosomal reaction in all the
groups. The reduction in the epididymal sperm
acrosomal  reaction  was  significantly  different 
(p < 0.05) in all the CA-treated groups compared
with the control group. As shown in Figure 1, the
percentage value of acrosomal-reacted sperm in
the  nifedipine-treated,  verapamil-treated  and
diltiazem-treated rats were 41 ±2.45, 39 ±2.92 and
42 ±1.22 respectively, compared with the control
group value of 86 ±2.92. 
In-vitro exposure of epididymal sperm to varying
concentration  of  nifedipine  also  resulted  in
a significant decrease in acrosomal-reacted sperm
(Figure 2). The percentage of acrosome-reacted
C Co on nt tr ro ol l N Ni if fe ed di ip pi in ne e V Ve er ra ap pa am mi il l D Di il lt ti ia az ze em m
M MD DA A   [ [n nm mo ol l/ /m ml l] ] 7.8 ±0.39 10.3 ±0.20* 9.9 ±0.32* 10.7 ±0.28*
S SO OD D   [ [µ µm mo ol l/ /m mi in n] ] 3.8 ±0.18 2.7 ±0.29* 2.7 ±0.14* 3.1 ±0.22*
C CA AT T   [ [n nm mo ol l/ /m mi in n] ] 11.8 ±1.02 7.8 ±0.58* 8.2 ±0.58* 7.2 ±0.37*
G GS SH H   [ [n nm mo ol l/ /m ml l] ] 41.3 ±1.5 36.9 ±1.4 37.2 ±2.8 35.5 ±2.3
Values are expressed as mean ± SEM (n = 6); *p < 0.05, significantly different compared with control group; MDA – malondialdehyde, 
SOD – superoxide dismutase, CAT – catalase, GSH – reduced glutathione
T Ta ab bl le e   I I. .   Effect of 30-day treatment with nifedipine, verapamil and diltiazem on lipid peroxidation and antioxidant
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sperm in the control group was 92 ±1.22, while the
CA-treated group exhibited reduced acrosome-
reacted sperm levels of 12.6 ±1.08, 11 ±0.89, 10.6
±0.68 and 9.8 ±0.58 with nifedipine concentration
of 25 nmol/l, 50 nmol/l, 100 nmol/l and 200 nmol/l
respectively. Similarly, sperm samples incubated
with  verapamil  also  exhibited  significant  sup-
pression of the acrosomal reaction, as shown in
Figure 3. The percentage values of acrosome-
reacted sperm were 24.2 ±1.02, 14.8 ±0.66, 11.6 ±0.51
and 7.0 ±0.54 with verapamil concentration of 25
nmol/l, 50 nmol/l, 100 nmol/l and 200 nmol/l
respectively, compared with the control group (93
±1.47). Figure 4 shows that incubation of sperm cells
with  varying  concentration  of  diltiazem  also
demonstrated significant inhibition of acrosome
reaction.  The  percentage  values  of  acrosome-
reacted sperm in the control group was 93 ±1.47,
while the treated groups had values of 18.4 ±1.08,
13.2 ±0.66, 10.2 ±0.73 and 8.4 ±0.51 with diltiazem
concentration of 25 nmol/l, 50 nmol/l, 100 nmol/l
and 200 nmol/l respectively.
Discussion
It  is  well  known  that  antioxidants  confer
a protective cover for sperm survival and function.
Nevertheless, there is no definite knowledge on
the  role  of  CA  in  the  regulation  of  sperm
antioxidants. We have previously shown that CA
decreases sperm count, motility and epididymal
weight, which appear not to occur through the
inhibition of the pituitary-gonadal axis [17]. In this
study, we addressed two questions concerning the
effect of CA on rat sperm both  in vivo and in vitro
by focusing our attention on oxidative balance and
the acrosomal reaction.
Treatment with CA in this study significantly
inhibited the sperm acrosomal reaction. Sperm
cells must necessarily undergo a fundamental
process known as capacitation before acquiring
their ability to undergo the acrosomal reaction.
Capacitated sperm readily and rapidly undergo the
acrosome reaction in order to fertilize the oocyte
on making contact with the zona pellucida [1]. The
reduction in the number of acrosomal-reacted
sperm in the present study therefore suggests that
the priming of sperm cells, which is a fundamental
cellular process [10, 28] that controls the fertilizing
potential of sperm cells, is compromised. The
inhibition of this process by CA in our study
therefore implies a decreasing chance that sperm
will encounter the egg in the oviductal lumen for
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F Fi ig gu ur re e   1 1. .   Epididymal sperm capacitation of rats
following 30-day treatment with nifedipine, vera  -
pamil and diltiazem 
Values are expressed as mean ± SEM (n = 6),
*p < 0.05, significantly different compared with control group
100
90
80
70
60
50
40
30
20
10
0
Control 25 nmol/l 50 nmol/l 100 nmol/l 200 nmol/l
N Ni if fe ed di ip pi in ne e
A
A
c
c
r
r
o
o
s
s
o
o
m
m
e
e
-
-
r
r
e
e
a
a
c
c
t
t
e
e
d
d
 
 
s
s
p
p
e
e
r
r
m
m
 
 
[
[
%
%
]
]
A
A
c
c
r
r
o
o
s
s
o
o
m
m
e
e
-
-
r
r
e
e
a
a
c
c
t
t
e
e
d
d
 
 
s
s
p
p
e
e
r
r
m
m
 
 
[
[
%
%
]
]
F Fi ig gu ur re e   2 2. . Epididymal sperm capacitation of rats
following in-vitro exposure to nifedipine 
Values are expressed as mean ± SEM (n = 6), *p < 0.05,
significantly different compared with control group
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F Fi ig gu ur re e   3 3. .   Epididymal sperm capacitation of rats
following in-vitro exposure to verapamil
Values are expressed as mean ± SEM (n = 6), *p < 0.05,
significantly different compared with control group
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F Fi ig gu ur re e   4 4. . Epididymal sperm capacitation of rats
following in-vitro exposure to diltiazem
Values are expressed as mean ± SEM (n = 6), *p < 0.05,
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fertilization. It is therefore plausible to suggest
that CA-induced infertility partly derives from the
suppression of the acrosomal reaction in treated
rats. 
The  observed  inhibition  of  the  acrosomal
reaction in CA-treated rats could also be a result of
negative changes in the ionic environment and
fluxes, especially of calcium ions, through the
mammalian sperm membrane. Mammalian sperm
possess several calcium ion pathways including one
that is similar to the voltage-sensitive calcium
channel found in a variety of somatic cells [29, 30].
Trans-membrane fluxes of calcium ions have been
shown to be critically important for sperm-motility
initiation and regulation [31, 32]. In particular,
changes  in  intracellular  calcium  have  been
associated with sperm movement, capacitation, the
acrosome reaction and fertilization [33, 34]. In
addition, calcium ions have been shown to be
increased during capacitation as a result of reduced
calcium influx due to the activation of unidentified
channels [10, 29]. The results from this study may
be suggestive of a direct mechanism in which
nifedipine, verapamil and diltiazem blocked the
sperm calcium ion channels, thereby reducing
calcium ion influx and subsequently inhibiting the
capacitation process. This position is supported by
previous studies in hamsters [22], mouse [35] and
humans [36, 37], where a plasma calcium ion
channel  inhibitor  (verapamil)  and  a voltage-
dependent calcium ion channel inhibitor (nifedipine)
significantly reduced capacitation and the acro  -
somal reaction.
Another  potential  reason  for  the  inhibited
capacitation  process  could  be  the  increased
oxidative stress caused by CA treatment. A minimal
amount of ROS is required for normal sperm-oocyte
fusion. However, if there is an abnormal increase
in the production of ROS, sperm pathology such as
ATP  depletion  results,  leading  to  insufficient
axonemal phosphorylation, lipid peroxidation and
loss of motility. The lipid peroxidation process
results  in  loss  of  membrane  architecture  and
reduction in the activity of membrane enzymes and
ion channels [1, 38]. As a result of high ROS levels,
spermatozoa are unable to initiate the necessary
biochemical  reactions  associated  with  the
capacitation process [39, 40]. Reactive oxide species
are generally neutralized by a protective antioxidant
defence system consisting of enzymes such as
catalase,  superoxide  dismutase  and  reduced
glutathione, among others [41]. These antioxidant
enzymes  and  free  radical  scavengers  provide
protection from peroxidative damage to the sperm
cell, either by binding the transition metal ions,
thereby preventing them from initiating a chain
reaction, or by deactivating a damaging free radical,
leading  to  the  formation  of  non-radical  end-
products [42]. However, the generation of excessive
amount  of  ROS  in  semen  can  overwhelm  the
antioxidant defence system of the sperm, leading
to oxidative stress [8]. We have shown that the
vulnerability of sperm to oxidative stress involving
loss of capacitation in this study is associated with
peroxidative  damage  and  low  scavenging
antioxidant defence, as reflected by measurement
of MDA, SOD and CAT. Therefore, CA appears to
disrupt the fine balance between the production
and scavenging of ROS, and thereby impairs normal
sperm functions and acquisition of fertilizing ability.
In  conclusion,  calcium  antagonists  such  as
nifedipine, verapamil and diltiazem suppress the
sperm capacitation process and/or inhibit the
acrosomal reaction. Though the exact biochemical
mechanism is not known, it may be related to the
influence of CA to increase oxidative stress and
cause peroxidative damage to sperm cells, thereby
compromising the plasma membrane and resulting
in changes in the calcium ionic fluxes in the sperm
and seminal fluid. 
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